Background
Introduction
Chronic kidney disease (CKD) has become an increasing problem affecting up to 16% of people globally [1] . Several studies have established that in the general population moderate and severe CKD is associated with an increased risk for cardiovascular morbidity and mortality, and increasing prevalence and incidence of atrial fibrillation (AF) [2] [3] [4] [5] [6] [7] [8] [9] . Traditionally CKD has been defined as kidney damage or estimated glomerular filtration rate (eGFR) lower than 60 mL/min per 1.73 m 2 of body-surface area. With this definition CKD has also been associated with an increased risk of ischemic as well as bleeding complications after percutaneous coronary intervention (PCI) in various patient groups [10] [11] [12] [13] [14] . National Kidney Foundation guidelines define, however, 5 stages of CKD based on eGFR and even the early stage of disease (eGFR 60-89mL/min) seems to increase cardiovascular risk irrespective of levels of traditional cardiovascular disease risk factors [15, 16] . About 5 to 8% of patients referred for PCI have an indication for long-term anticoagulation; mainly due to AF [17, 18] . In patients with AF, CKD is associated with an increased risk of stroke and/or systemic thromboembolism and bleeding complications [19, 20] . The prevalence of CKD in patients with AF undergoing PCI remains largely unknown. Moreover, the effect of renal impairment on the outcomes of these patients requiring multiple antithrombotic medications is not known. In this pre-specified analysis, our aim was to assess the impact of renal impairment on outcome of PCI in patients with AF in the large multicenter prospective AFCAS (Atrial Fibrillation undergoing Coronary Artery Stenting) registry with a special emphasis on the different stages of CKD.
Methods

Registry data sources
AFCAS is an observational, multicenter, prospective registry including patients with AF who are referred for PCI (Clinicaltrials.gov identifier NCT00596570) [21] [22] [23] [24] . Between October 2008 and February 2010, 963 consecutive patients with AF undergoing PCI were included the AFCAS registry at 17 centers in 5 European countries: Finland, Germany, Italy, Spain, and the UK. Because of the observational design of the study, the only exclusion criteria were unwillingness/inability to participate in the study or to give written informed consent.
At each participating center, patients were treated according to local policies, and were followed up for 12 months (phone call or visit at 3, 6 and 12 months). The study protocol were approved by the Ethical Committee of the coordinating center (Hospital District of SouthWestern Finland, Turku, Finland) and participating centers, and written informed consent was obtained from every patient. The study complied with the Declaration of Helsinki.
Coronary angiography and PCI were performed using either radial or femoral approach for arterial access and hemostasis was obtained according to local practice. Lesions were treated according to contemporary interventional techniques. Low-molecular weight heparins, unfractionated heparin, bivalirudin and glycoprotein IIb/IIIa inhibitors were administered entirely at the operator's discretion. Medication at discharge was at the treating physician's discretion.
Study population
Of the 975 patients included in the AFCAS registry, the data to calculate pre-PCI eGFR were available for 781 (80%) patients. The patients were divided into four groups according to their baseline eGFR levels: 90 ml/min/1.73 m 2 as normal renal function; 60 to 89 ml/min/1.73 m 2 as mild renal impairment; 30 to 59 ml/min/1.73 m 2 as moderate renal impairment; and <30 ml/min/1.73 m 2 as severe renal impairment. There were only 7 patients with eGFR <15ml/ min, and they were included in group with eGFR <30ml/min. The Cockcroft-Gault formula was used in the calculation of eGFR [16] .
End-point definitions and clinical follow-up
The endpoints were 1) all-cause mortality; 2) a composite of major cardiac and cerebrovascular events (MACCE) including all-cause mortality, myocardial infarction, non-elective repeat revascularization (PCI or coronary bypass surgery of either target vessel or target lesion or any other acutely occluded coronary artery but excluding elective revascularization of other coronary arteries), stent thrombosis, transient ischemic attack, stroke, other arterial embolism; and 3) bleeding during 12 months follow-up period. Periprocedural myocardial infarction was not routinely screened, but if suspected, a troponin level > 3x normal 99th percentile level was required for the diagnosis. For the diagnosis of myocardial re-infarction, a new rise > 50% above the baseline injury marker level was required. Stent thrombosis was defined according to the Academic Research Consortium (ARC) Classification as definite and probable [25] . TIA was defined as a focal transient (<24h) neurological deficit adjudicated by a neurologist and stroke as a permanent focal neurological deficit adjudicated by a neurologist and confirmed by computed tomography or magnetic resonance imaging. Systemic embolism was defined as signs/symptoms of peripheral ischemia associated with a positive imaging test.
Bleeding complications were defined according to the ARC bleeding criteria (BARC) as any bleeding complications (BARC 1-5), minor (BARC 2), and major (BARC 3a, 3b, 3c and 5) [26] . Acute kidney injury was defined with as >26.5 μmol/l increase of creatinine, using modified definition by Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group. The exact time points for blood samples were not defined in the protocol, but these were the routine PCI-samples drawn before the procedure and on the 1 st post-PCI morning.
Statistical analysis
Continuous variables with normal distribution are reported as mean ± standard deviation (SD), skewed variables as median and interquartile range (IQR), tested by ANOVA (Bonferroni) for normally distributed data and by non-parametric (Kruskal-Wallis one-way analysis of variance) tests otherwise. Categorical variables are presented as percentage and Chi-square test and Fisher's exact test were used where appropriate. P value < 0.05 was considered statistically significant. Kaplan-Meier analyses were used to construct survival plots of time to death, MACCE and bleeding events after PCI. Multivariate adjusted analysis of predictors of mortality; MACCE and bleeding events were done using Cox regression models. Multivariate analysis included variables with significant baseline or periprocedural differences. Patients with normal eGFR (>90mL/min) was used as a reference category. All computations were carried out with SPSS software (V20.0, SPSS Inc., Chicago, Illinois, USA).
Results
Baseline and procedural characteristics
Pre-PCI creatinine was available in 781 patients (69.7% men; median age 74 years, range 45-92). A total of 195 (25%) patients had normal eGFR (90 mL/min), 290 (37%) mild renal impairment (eGFR 60-89), 263 (34%) moderate renal impairment (eGFR 30-59) and 33 (4%) severe renal impairment (eGFR <30). Baseline characteristics of each eGFR group are shown in Table 1 . Patients with severe renal impairment were older, more often female and more often presented with acute coronary syndrome as an indication for PCI (Tables 1 and 2 ). There were no significant differences in the use of drug-eluting stents, access site, perioperative medications or other procedural characteristics between the groups. (Tables 2 and 3) The use of evidence-based cardiac medications was comparable between the study groups at discharge, excluding lipid-lowering agents which were less often used in patients with severe renal impairment (Table 3 ). The hospital stay was significantly longer in patients with moderate and severe renal impairment. In the overall cohort, triple therapy consisting of vitamin K antagonist, clopidogrel and aspirin was used in 72% of the patients after PCI. The use of triple therapy tended to decrease in the study groups along with decreasing renal function (77.4 vs 72.8 vs 68.1 vs 63.6%). The duration of clopidogrel use was comparable in all eGFR groups (Table 3) .
Outcomes
Outcome events at 12 months follow-up are presented in Table 4 . Figs 1-3 present the KaplanMeier estimates for all-cause mortality, MACCE and all bleeding events, respectively. Overall, the rates of stroke and stent thrombosis were low. Renal impairment remained an independent predictor of mortality and MACCE in a multivariate Cox regression model adjusted for age (as a continous variable) and sex (Model A) or age, sex and acute coronary syndrome (Model B) or age, sex, acute coronary syndrome, previous myocardial infarction, congestive heart failure and center (Model C) ( Table 5 ). The patients with mild renal impairment had a higher risk of all-cause mortality (HR 2.25, 95%CI 1.02-4.98, p = 0.04) and borderline risk for MACCE (HR 1.56, 95%CI 0.98-2.50, p = 0.06) compared to those with normal eGFR. Patients with moderate renal impairment had a higher risk of all-cause mortality (HR 3.77 95%Cl 1.76-8.09, p = 0.001) and MACCE (HR 1.99 95%CI 1.25-3.17, p = 0.004) compared to those with normal eGFR. Moreover, they had slightly increased risk for mortality compared to patients with mild renal impairment (HR 1.67 (1.02-2.76), p = 0.04).
Patients with severe renal impairment had a very high risk of all-cause mortality (HR 13.6 95%Cl 5.77-32.1 p<0.001) with 45% total mortality. Also the risk of MACCE (HR 6.00 95%CI 3.31-10.9, p<0.001) was increased compared to those with normal renal function. In a Cox regression model adjusting for age as a continuous variable, gender, pre-PCI eGFR and acute coronary syndrome as an indication for PCI, acute kidney injury was an independent predictor of all-cause mortality (HR 2.32, 95%CI 1.15-4.68, p = 0.02) and MACCE (HR 1.90, 95%CI 1.06-3.38, p = 0.03) with a trend to effect on bleeding events (HR 1.62, 95%Cl 0.96-2.76, p = 0.07) compared to patients with no significant impairment in renal function.
Discussion
Renal impairment and AF are two well-known independent high-risk features for complications in patients undergoing PCI. In this prospective multicenter real-world registry, the outcomes of these patients with both of these risk factors-often excluded from clinical trialswere analyzed for the first time. We showed that 75% of these patients have CKD according to the current criteria. Importantly, one third of the patients had mild renal impairment (eGFR 60-89mL/min) often unrecognized because the creatinine levels typically lie within the normal range. The principal novel finding is that even this early renal impairment is clinically important and results in an increase in mortality and MACCE.
Although the major impact of renal impairment on the outcome following PCI has long been recognized, less is known about the impact of mild renal impairment. Compared to those with normal renal function, the effect of mild renal impairment on survival and major adverse cardiac event rate was recently reported to be negligible in the general PCI population [27] . However, it was a significant predictor of worse prognosis in patients presenting with ST-elevation myocardial infarction [28] . In addition, Reinecke et al. reported that mildly elevated creatinine levels were associated with a twofold increase in total mortality and a 10% reduction in cumulative survival over three years in the general PCI population [29] . A similar phenomenon Data are reported as number of patients (percentage); P-value < 0.05 = *, p value < 0.01 = **, all values are compared with eGFR 90mL/min group. eGFR estimated glomerular filtration rate; MACCE, major adverse cardiac/cerebrovascular events; BARC, Bleeding Academic Research Consortium; BARC 1, minimal bleeding complication, BARC 2, requiring nonsurgical, medical intervention by a healthcare professional, leading to hospitalization or increased level of care, or prompting evaluation, but not fit to criteria of BARC>2, Major bleeding complication including fatal bleeding Data are reported as number and percentage or mean ± SD; TIA, transient ischemic attack, AKI = Acute kidney injure with >26.5 μmol/l increase of creatinine.
doi:10.1371/journal.pone.0128492.t004
was observed by Gibson et al. who found that eGFR < 90 mL/min remained independently associated with increased mortality in non-ST-segment elevation ACS patients [30] . Cardiovascular events are the most common cause of death in patients with renal impairment. Explanations of this interaction include the greater frequency of risk factors, such as Table 5 . Univariate Cox regression and multivariate nested adjusted models on the relative risk (hazard ratio) of renal impairment on all-cause mortality; major adverse cardiac and cerebrovascular events; and clinically significant bleeding (BARC 2, 3, 5) in patients with AF undergoing PCI as compared with normal eGFR (>90ml/kg/min).
Univariate
Model A Model B Model C hypertension and diabetes mellitus. In addition, factors associated with renal disease such as uremic toxins, inflammation, hyperparathyroidism, elevated calcium-phosphate product, fluid overload, and anemia contribute to the severity and extent of the coronary atherosclerosis as well as the higher adverse event rates in this high risk population. Adverse events may also be related to other conditions than epicardial coronary artery disease such as uremic cardiomyopathy, metabolic derangements, and microvascular disease. Nevertheless, the presence of significant coronary artery stenosis has been reported to worsen the prognosis dramatically [27] . Reflecting this background, patients in the AFCAS study with severe renal insufficiency had more often high-risk baseline characteristics such as multivessel and left main disease and underwent more often emergency PCI due to acute coronary syndrome. In our study, patients with severe renal impairment had an extremely poor prognosis with almost 50% mortality within 12 months.
A dose-dependent effect of worsening renal function was observed on thrombotic and bleeding events in this high-risk patient group. In an earlier smaller study, Manzano-Fernades et al. reported nearly 2.5-fold increase in the risk of PCI associated major bleeding in patients with mild renal impairment and AF [14] . Our study extends these findings showing that decreased eGFR values were associated with an increased risk of any BARC bleeding in patients with AF undergoing PCI, but only a trend in clinically significant bleeding events. In multivariate analysis, patients with mild stage of CKD had a non-significant trend to increased bleeding events, whereas patients with moderate and severe renal impairment had clearly elevated risks. Of clinical interest, thrombotic and thromboembolic events were more common than clinically significant bleeding events suggesting that the prothrombotic risk outweighs the bleeding risk in most patients. Clinical implication of this finding is that potent antithrombotic therapy after PCI should be considered also in patients with impaired renal function without overt fear for bleeding complications.
Acute kidney injury is a frequent complication of PCI especially in patients with acute coronary syndrome and seems to be associated with increased risk of in-hospital morbidity and mortality [31] . In line with this experience, acute kidney injury occurred in a total of 7.5% after PCI and was an independent predictor of mortality and MACCE in the present study emphasizing the importance of its prevention with adequate hydration and restricted use of contrast agent.
Repeat revascularization rates were relatively low in all eGFR groups when compared to previous studies and especially those evaluating restenosis by repeat angiography [32] . This might be explained by the older age and high prevalence of co-morbidities including AF, which might have favoured medical treatment over re-intervention in patients with recurrent angina after PCI. Moreover, no angiographic follow-up was performed, and all target vessel revascularizations procedures were ischemia-driven. It is known that ischemia-driven target vessel revascularizations tend to underestimate the actual rates of restenosis. In addition, the absence of symptoms of restenosis in patients with renal impairment may lead to silent ischemia and contribute to the high risk of subsequent cardiac events. The rate of stent thrombosis was relatively low in all eGFR groups, and the low number of events precludes comparison between the groups.
Limitations
This study has all the inherent limitations of an observational study including individual risk based decision-making in the treatment choices. This study was planned before CKD-EPI formula was adopted in general use and renal function was evaluated using the Cockcroft-Gault formula. The choice of stent and antithrombotic treatment has been entirely at the treating physician's discretion. Moreover, multivariate models will not fully cover potential residual confounding. Despite these limitations we believe that these data are of value in guiding the treatment of patients with AF undergoing PCI. The strength of our study is the inclusion of 'real-world' PCI patients in the largest dataset so far also including a substantial number of patients with acute coronary syndrome. Bleeding outcomes were defined according to the latest BARC definition [26] .
Conclusions
Renal impairment is a frequent finding in patients with AF undergoing PCI and only one fourth of the patients had normal renal function. Even mild renal impairment was associated with an increase in all-cause mortality and MACCE with a trend towards increased bleeding events. Patients with severe renal dysfunction and AF have a very poor prognosis with high MACCE rate and mortality within the first year after PCI. Also, patients with acute kidney injury carry an elevated risk, which might potentially be avoidable with preventive measures.
